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Abstract

Aims : We aimed to investigate the relationship of colorectal cancer prognosis and inflammatory pa-
rameters, including neutrophil-to-lymphocyte ratio (NLR) and lymphocyte-to-monocyte ratio
(LMR), with reference to circulating myeloid-derived suppressor cells (MDSCs) in the current
study.

Patients and Methods : Thirty-five patients who underwent curative-intent surgery were enrolled.
A receiver-operating characteristic curve (ROC) was used to assess the usefulness of candidates for
prognostic factors. Recurrence-free survival (RFS) was calculated using the Kaplan-Meier meth-
od, and the candidates for prognostic factors were assessed by a Cox proportional hazard model.
Results : ROC curve analyses determined cutoff values for NLR and LMR as 2.9 and 2.4, respective-

ly. The percentage of MDSCs in patients with LMR < 2.4 was statistically higher than in those

with LMR > 2.4 (p = 0.012).
than those with LMR > 2.4 (» = 0.008).
+ III disease.

The patients with LMR < 2.4 exhibited a statistically lower RFS
These results were also observed in patients with stage II
LMR was an independent prognostic factor of RFS in colorectal cancer patients (haz-

ard ratio : 7.757, 95% confidence interval : 1.462-41.152, p = 0.016).
Conclusion : Lower LMR was associated with poor prognosis in colorectal cancer patients ; where-

as, higher circulating MDSCs were observed in patients with lower LMR.

Key words : lymphocyte-to-monocyte ratio, neutrophil-to-lymphocyte-ratio, myeloid-derived sup-

pressor cells, colorectal cancer

Introduction

Colorectal cancer is the third most commonly
diagnosed cancer worldwide in males and the second
most in females, with an estimated 1.4 million cases
and 693,900 deaths occurring in 2012".  One of the
hallmarks of cancer is angiogenesis in conjunction
with systemic and local inflammation”. The rela-
tionship between inflammation and carcinogenesis is
well known, especially in high risk of colorectal car-

cinogenesis in patients with ulcerative colitis. Sys-
temic chronic inflammation has been reported to
play roles in the suppression of anti-tumor immuni-
ty, carcinogenesis, and tumor progression®”. In
search of a prognostic factor independent of tumor
staging, there has been accumulating evidence re-
porting that inflammation- or nutritional factor-
based prognostic scores, such as the Glasgow Prog-
nostic score (GPS) based on C-reactive protein
(CRP) and albumin, are useful in predicting patients’

prognosis”. With regard to colorectal cancer, neu-
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trophil-to-lymphocyte ratio NLR)® ' and lympho-

cyte-to-monocyte ratio (LMR)" ' are two of the
most investigated surrogate markers of prognosis of
colorectal cancer patients. A high NLR and a low
LMR have been reported to be associated with poor
overall survival (OS)%*1'® and recurrence-free sur-
vival (RFS)1H13°19),

On the other hand, myeloid-derived suppressor
cells (MDSCs) have been identified as key media-
tors in the negative regulation of immune responses.
MDSCs are a heterogeneous population of myeloid
origin, which exhibit a potent immunosuppressive
activity against T-cell response'®. A partial block
in the differentiation of immature myeloid cells has
been reported to occur in certain pathological condi-
tions, such as cancer, infectious diseases, sepsis,
trauma, hematopoietic stem cell transplantation and
some autoimmune diseases, resulting in the expan-
sion of MDSCs'”.  Several studies have shown that
elevated circulating MDSCs correlated with worse
prognosis in various cancers including colorectal
cancer®?”. However, the relationship between
these markers and other parameters, such as inflam-
matory or nutritional markers, remains to be eluci-
dated. Thus, we aimed to investigate the relation-
ship of colorectal cancer prognosis and inflammatory
parameters, including NLR and LMR, with reference
to circulating MDSCs in the current study.

Materials and Methods

Patients

Blood samples were collected from 48 patients
before starting treatment between February 2011
and August 2013. Among these, 35 patients who
underwent curative-intent surgery were enrolled
into the present study, while the remaining 13 pa-
tients were excluded due to metastatic disease.
Following surgery, the final stage of the patients was
determined pathologically according to the TNM
classification system of malignant tumors published
by the International Union Against Cancer, 8th edi-
tion®”. Table 1 shows patient characteristics.
Preoperative chemoradiation therapy (CRT) (S-1 of
100 mg/body surface area (m?) with irradiation of
50.4 Gy) was performed on eight patients with infe-
rior rectal cancer including two stage I, four stage II
and two stage III patients. Adjuvant chemotherapy
was performed on 17 patients including 11 stage III
patients, three stage II patients with CRT, two stage
IT with intensive lymphatic invasion and one stage I
with CRT. The study protocol was approved by the

ethics committee of Fukushima Medical University,
and written informed consent was obtained from all
enrolled patients.

Measurements of Parameters

Blood samples were collected before starting
treatment. Patient nutritional status was deter-
mined by measuring serum concentrations of total
protein (TP), albumin, retinol binding protein (RBP),
transthyretin (TTR), and transferrin. These pa-
rameters were measured at the Central Clinical
Laboratory of Fukushima Medical University Hospi-
tal. As for the inflammatory parameters, C-reac-
tive protein (CRP), white blood cell count (WBC),
neutrophil, lymphocyte, and monocyte counts, as
well as neutrophil-to-lymphocyte ratio (NLR) and

Table 1. Patient characteristics

Category N %
Gender
Male 20 57.1
Female 15 42.9
T
1 2 5.7
2 8 22.9
3 16 45.7
4a 9 25.7
4h 0 0.0
N
0 21 60.0
la 3 8.6
1b 5 14.3
1c 0 0.0
2a 4 11.4
2b 2 5.7
Stage
I 9 25.7
IA 6 17.1
1B 6 17.1
1IC 0 0.0
1A 0 0.0
1IIB 12 34.3
1IIC 2 5.7
Location
Cecum 0 0.0
Ascending 5 14.3
Transverse 4 114
Descending 1 2.9
Sigmoid 5 14.3
Superior rectal 5 14.3
Middle rectal 6 17.1
Inferior rectal 10 28.6
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lymphocyte-to-monocyte ratio (LMR), were used.

MDSCs are most commonly defined as CD14~
CD11b* cells or cells that express the common
myeloid marker CD33%. Thus, MDSCs were
defined as CD14"CD11b*CD33™ cells in the present
study as described in our previous studies.
Peripheral blood mononuclear cells (PBMC) were
separated on Ficoll-Hypaque gradient (Pharmacia-
Biotech, Uppsala, Sweden). The isolated PBMC
were washed twice with RPMI-1640 (Wako Pure
Chemical Industries Ltd., Osaka, Japan), then labeled
with fluorescent isothiocyanate-conjugated anti-
CD14 (Abeam, Cambridge, UK), phycoerythrin-
conjugated anti-CD11b (Beckman Coulter Inc.,
Marseille, France) and phycoerythrin cyanin
5.1-conjugated anti-CD33 (Beckman Coulter Inc.,
Marseille, France), each diluted in phosphate-
buffered saline (PBS) to a concentration of 10 and 50
pg/ml.  Cells were incubated with the antibodies for
20 min at 4°C and were then washed with
PBS. Data acquisition and analysis were performed
with the FACSAria II flow cytometer (BD
Biosciences, Mountain View, CA, USA) using Flow
Jo software (TreeStar Inc., Ashland, OR, USA).

Statistical Analysis

Data are presented as frequencies or percentag-
es for categorical variables and mean = SD for con-
tinuous variables, unless otherwise indicated. For
categorical clinical variables, differences between
the groups were evaluated by Fisher’s exact test.
The differences in mean values between the groups
were analyzed using the Mann-Whitney U test.
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Fig. 1. Receiver-operating characteristic (ROC) curves.
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Associations between the two variables were quanti-
fied using Spearman’s rank correlation coefficient.
The receiver operating characteristic (ROC) curve
was used to evaluate the usefulness of the examined
parameters as a prognostic factor for RFS. In a
ROC curve, Y-axis shows true positive rate
(sensitivity) and X-axis represents false positive
rate (1 —specificity) at each measured parameter.
Thus, the left upper corner is ideal because it
represents both sensitivity and specificity equal to
1.0. Therefore, the nearest coordinate point to the
left upper corner is usually selected as a coordinate
point of cutoff value. The mean observation period
was 50.4 months (median : 59.8, range : 1.3-84.5).
The final assessment of disease status was made on
July 31st, 2017. OS and RFS were calculated using
the Kaplan-Meier method and differences between
the groups were assessed by the log-rank test.
Factors found to be significant in the univariate
analysis were subjected to a multivariate analysis
using a Cox proportional hazard model to identify
the independent predictors of prognosis. A two-
sided P value of < 0.05 was considered to indicate
statistically significant differences. All statistical
calculations were performed using SPSS® version
24 (IBM Japan, Tokyo, Japan).

Results

Analysis using a ROC curve

Fig. 1 shows ROC curves of NLR and LMR for
predicting the recurrence of colorectal cancer. The
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(A) : The area under the ROC curve for NLR was 0.726,

and a level of 2.9 was determined as the cutoff value™ (sensitivity = 0.857, and specificity = 0.720). (B): The
area under the ROC curve for LMR was 0.719, and a level of 2.4 was determined as the cutoff value from the
nearest coordinate point™ (sensitivity = 0.714, and 1 — specificity = 0.179) to the left upper corner.
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Fig. 2. Relationships between LMR and other param-

eters. (A): LMR exhibited a statistically signifi-
cant inverse correlation with NLR (r = —0.685, p
< 0.001). (B): LMR showed a statistically signifi-
cant inverse correlation with MDSCs (r = —0.531,
p = 0.003). (C): LMR exhibited a statistically
significant inverse correlation with MDSCs in pa-
tients with stage II + III disease (r = —0.424, p =
0.044). LMR : lymphocyte-to-monocyte ratio,
NLR : neutrophil-to-lymphocyte-ratio, MDSCs :
myeloid-derived suppressor cells.

area under the curve for NLR was 0.726, and a level
of 2.9 was determined as the cutoff value (sensitivity
= (0.857, and specificity = 0.720). The area under
the curve for LMR was 0.719. A cutoff value of
LMR determined at a level of 2.4 from the nearest
coordinate point to the left upper corner (sensitivity
= 0.714, and 1-specificity = 0.179).

Relationships between LMR and other parameters

As shown in Fig. 2A and 2B, LMR exhibited a
statistically significant inverse correlation with NLR
(r = —0.685, p < 0.001), and with MDSCs (r =

—0.531, p = 0.003). The percentage of MDSCs in
patients with LMR < 2.4 (median : 3.2%, range :
0.8-17.5%) was statistically higher than in those
with LMR > 2.4 (median : 0.9%, range : 0.4-9.4%)
(Fig. 3A,p = 0.012).

Table 2 summarizes patient characteristics ac-
cording to NLR or LMR. The average age of pa-
tients with NLR = 2.9 (58.6 = 11.6 years) was sig-
nificantly lower than that of patients with NLR < 2.9
(67.9 = 13.5) (p = 0.043). The incidence of T3 +
T4 in the patients with NLR > 2.9 was statistically
higher in those with NLR < 2.9 (p = 0.028). The
incidence of > stage IIA in the patients with NLR >
2.9 was statistically higher in those with NLR < 2.9
(p = 0.007). The incidence of adjuvant chemother-
apy in the patients with NLR = 2.9 was also statisti-
cally higher than in those with NLR < 2.9 (p =
0.006). On the other hand, the incidence of CRT in
the patients with LMR < 2.4 was also statistically
higher than in those with LMR > 2.4 (p = 0.027).

OS and RFS

Patients with NLR = 2.9 showed a statistically
lower RFS than those with NLR < 2.9 (Fig. 4A,p =
0.007), whereas there were no statistically signifi-
cant differences in OS (p = 0.423). The patients
with LMR < 2.4 exhibited a statistically lower RFS
than those with LMR > 2.4 (Fig. 4B, p = 0.008),
whereas there were no statistically significant differ-
ences in OS (p = 0.430). Since the median per-
centage of MDSCs in the patients with LMR < 2.4
was 3.2 %, RFS was evaluated between the patients
with MDSCs < 3.2% and those with MDSCs =
3.2% ; however, there were no statistically signifi-
cant differences (p = 0.156).

Cox proportional hazard model

Table 3 shows the results using a Cox propor-
tional hazard model. Dichotomization was per-
formed as follows : gender (male vs. female), T fac-
tor (T1 + T2 vs. T3 + T4), N factor (negative vs.
positive), stage (< IIA vs. > IIA), adjuvant chemo-
therapy (negative vs. positive), CRT (negative vs.
positive), lymphatic vessel invasion (negative vs.
positive), microscopic vascular invasion (negative
vs. positive), histology (well differentiated vs. mod-
erately differentiated), MDSCs (< 3.2% vs. = 3.2%),
NLR (< 2.9 vs. = 2.9), and LMR (> 2.4 vs. < 2.4).
In the univariate analysis, NLR (HR : 10.134, 95%
confidence interval : 0.079-2.106, p = 0.032) and
LMR (HR : 7.888, 95% confidence interval : 1.501-
41.459, p = 0.015) exhibited statistically significant
differences. LMR and NLR were confounding fac-
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Fig. 3. MDSC percentage according to LMR levels. (A): The percentage of MDSCs in the patients with LMR <
2.4 (median : 3.2%, range : 0.8-17.5%) was statistically higher than in those with LMR > 2.4 (median : 0.9%,
range : 0.4-9.4%) (b = 0.012). (B): In the analysis in the patients with stage II + III disease, the percentage of
MDSCs in patients with LMR < 2.4 (median : 2.1%, range : 0.8-10.7%) was statistically higher than in those
with LMR > 2.4 (median : 0.9%, range : 0.4-7.0%) (p = 0.028).

Table 2. Patient characteristics according to NLR or LMR

NLR <29 NLR=29 b LMR >24 LMR <24 J/
(n =21) (n = 14) (n = 25) (n = 10)

Age 679 +13.5 58.6+11.6 0.043 66.3 =13.0 59.0+13.6 0.146
Gender 0.728 1.000
Male 11 9 14 6
Female 10 5 11 4
T 0.028 0.686
T1+ T2 9 1 8 2
T3 + T4 12 13 17 8
N 0.483 1.000
negative 14 7 15 6
positive 7 7 10 4
Stage 0.007 0.134
<A 13 2 13 2
> [1A 8 12 12 8
Ly 0.461 1.000

8 3 8 3
1 13 11 17 7
\% 1.000 0.393
5 4 5 4
1 16 10 20 6
Histology 0.288 0.123
Well 6 7 7 6
Moderate 15 7 18 4
CRT 0.221 0.027
- 18 22
+ 3 5 3
Adj 0.006 0.146
- 15 3 15
+ 6 11 10 7

NLR : neutrophil-to-lymphocyte ratio, LMR : lymphocyte-to-monocyte ratio, Ly : lymphatic vessel inva-
sion, V: microscopic vascular invasion, Well : well-differentiated adenocarcinoma, Moderate : moderately-
differentiated adenocarcinoma, CRT : preoperative chemoradiation therapy, Adj : adjuvant chemotherapy.
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Fig. 4. RFS using the Kaplan-Meier method statistically assessed by the log-rank test. (A): Patients with NLR =
2.9 showed a statistically lower RFS than those with NLR < 2.9 (p = 0.007). (B): Patients with LMR < 2.4 ex-
hibited a statistically lower RFS than those with LMR > 2.4 (p = 0.008). (C): When analyzed in stage II + III
disease patients, those with NLR = 2.9, or MDSCs = 3.2% showed a statistically lower RFS than those with
NLR < 2.9 (p = 0.044). (D): When analyzed in stage II + III disease patients, those with LMR < 2.4 showed a
statistically lower RFS than those with LMR > 2.4 (p = 0.015). (E): When analyzed in stage II + III disease
patients, those with MDSCs = 3.2% showed a statistically lower RFS than those with MDSCs < 3.2% (p =
0.038). MDSCs could not be examined in three out of 26 patients with stage II + III disease.
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Table 3. Cox proportional hazard model

Univariate analysis

Multivariate analysis

HR 95% CI )/ HR 95% CI b
Gender 0.408 0.079-2.106 0.285
T 33.276 0.029-37863.615  0.352
N 4.559 0.883-23.537 0.070 3.997 0.768-20.793 0.100
Stage 54.016 0.118-24800.875  0.202
CRT 2.207 0.493-9.871 0.300
Adj 2.384 0.462-12.295 0.299
Ly 1.203 0.566-2.557 0.632
\Y 2.396 0.272-21.112 0.431
Histology 0.900 0.549-1.474 0.675
MDSCs 3.013 0.607-14.945 0.177
NLR 10.134 1.214-84.565 0.032
LMR 7.888 1.501-41.459 0.015 7.757 1.462-41.152 0.016

HR : hazard ratio, 95% CI : 95% confidence interval, CRT : preoperative chemoradiation therapy,
Adj : adjuvant chemotherapy, Ly : lymphatic vessel invasion, V: microscopic vascular invasion,
MDSCs : myeloid-derived suppressor cells, NLR : neutrophil-to-lymphocyte ratio, LMR : lym-

phocyte-to-monocyte ratio.

NLR and LMR were confounding factors of each other.

Thus, NLR

and LMR were separately introduced into the multivariate analysis with N factor which p factor

showed < 0.1 in the univariate analysis.
in colorectal cancer patients.

tors of each other. Thus, NLR and LMR were sep-
arately introduced into the multivariate analysis with
N factor which p factor showed < 0.1 in the univari-
ate analysis. Then, only LMR was an independent
prognostic factor of RFS in colorectal cancer patients
(hazard ratio: 7.757, 95% confidence interval :
1.462-41.152, p = 0.016).

Subgroup analysis

A subgroup analysis was performed in patients
with stage II + III disease. There were no statisti-
cally significant differences in clinicopathological
characteristics between patients with LMR < 2.4
and those with LMR > 2.4 (data not shown). LMR
exhibited a statistically significant inverse correla-
tion with MDSCs (Fig. 2C, r = —0.424, p = 0.044).
The percentage of MDSCs in patients with LMR <
2.4 (median : 2.1%, range : 0.8-10.7%) was statisti-
cally higher than in those with LMR > 2.4 (median :
0.9%, range : 0.4-7.0%) (Fig. 3B, p = 0.028).
When analyzed in stage II + III patients (Figs. 4C,
4D and 4E), those with NLR = 2.9, LMR < 2.4 or
MDSCs = 3.2% showed a statistically lower RFS
than those with NLR < 2.9, LMR > 2.4 or MDSCs
< 3.2% (p = 0.044, p = 0.015 or p = 0.038, respec-
tively).

Only LMR was an independent prognostic factor of RFS

Discussion

In the current study, a lower LMR was associat-
ed with poorer RFS, and LMR < 2.4 was an inde-
pendent prognostic factor for RFS in colorectal can-
cer patients. A higher NLR exhibited poorer RFS ;
however, it could not be a prognostic factor in the
multivariate analysis using a Cox proportional haz-
ard model. With regard to LMR, a lower LMR was
associated with higher MDSCs. In the subgroup
analysis in the patients with stage II + III disease, a
higher NLR, lower LMR and higher MDSCs showed
a poorer RFS, and a lower LMR was also associated
with higher MDSCs. Previous studies have report-
ed that a lower LMR was associated with poor OS as
well as RFS ; however, we could not prove this in
the present study.

The peripheral lymphocyte count has been re-
ported to reflect the responsiveness of the entire
immune system of a patient®®*¥. A high number of
tumor-infiltrating lymphocytes (TIL) at the site of
the tumor have been reported to be associated with
a good prognosis?®®. On the other hand, neutrophil-
1a has been reported to be associated with disease
severity, and neutrophils may promote a tumor-fa-
vorable environment by the suppression of lympho-
cyte-mediated cytolysis?®®. Tumor-associated neu-
trophils (TAN) have dual aspects : N1, anti-tumor

phenotype and N2, protumor phenotype?”. TGF-pB



LMR and colorectal cancer 71

can enhance tumor growth by inducing N2 neutro-
phils, and after blockade of TGF-B, neutrophils be-
come N1. Thus, TAN may have quite different ef-
fects on tumor cells according to tumor types®.
Since NLR is derived from peripheral neutrophil and
lymphocyte count, it is easily understandable that
higher NLR is associated with poor prognosis in var-
lous cancers.

Monocytes play an important role in tumor pro-
gression. The peripheral blood monocyte count
has been reported to be associated with poor clinical
outcomes in colorectal cancer®. Tumor-associated
macrophages (TAM), which originate from peripher-
al blood monocytes?”, are also a double-edged
sword : M1, anti-tumor phenotype and M2, protu-
mor phenotype®”, which is the main population of
TAM. Since LMR is derived from the peripheral
lymphocyte and monocyte count, it is acceptable to
suggest that lower LMR is associated with poor
clinical outcomes. In the present study, the pa-
tients with lower LMR exhibited a poorer prognosis
than those with higher LMR. Interestingly, this re-
sult could be confirmed in the patients with stage II
+ III disease. Current clinical guidelines recom-
mend adjuvant chemotherapy for patients with stage
IIT and those with high-risk stage II ; however, the
necessity to administer adjuvant chemotherapy
should be considered for patients with lower LMR.

MDSCs consist of two large groups of cells :
granulocytic or polymorphonuclear MDSCs (defined
as CD11b*CD14CD15* or CD11b*CD14~CD66b*),
and monocytic MDSCs (defined as CD11b*CD14"
HLA-DR ™). Thus, MDSCs in the current study
(defined as CD14"CD11b*CD33%) contains more
immature progenitors, and we could not define
which subtype of MDSCs accounted for the in-
creased number of MDSCs in the current study.
Several studies have shown elevated circulating
MDSCs in colorectal cancer patients'***??, In the
present study, LMR exhibited a statistically signifi-
cant inverse correlation with MDSCs. Further-
more, MDSCs = 3.2% showed a statistically lower
RFS than those with MDSCs < 3.2% in patients
with stage II + III disease. Increased MDSCs may
contribute to increase of peripheral monocyte count,
resulting in low LMR. The relationship between
increased MDSCs and low LMR remains to be eluci-
dated.

Several limitations exist in the current study.
Firstly, there was a relatively small number of en-
rolled patients. Secondary, we did not examine im-
munohistochemical studies to evaluate TIL, TAN
and TAM. Thirdly, the subtype of MDSCs could

not be defined. There have been several reports
on the relationship between LMR and prognosis in
colorectal cancer patients ; however, this is the first
study to demonstrate the relationship between LMR
and MDSCs in colorectal cancer patients.
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